Background--Contemporary rates of oral anticoagulant (OAC) therapy and associated outcomes among patients undergoing percutaneous coronary intervention (PCI) have been poorly described.
B
leeding complications following percutaneous coronary intervention (PCI) are associated with increased shortand long-term morbidity and mortality. [1] [2] [3] [4] [5] Oral anticoagulant (OAC) use prior to coronary stenting is a significant predictor of postprocedure bleeding events. 6, 7 Previous studies estimated that the frequency of chronic OAC use among patients undergoing PCI is between 3% and 7%. [7] [8] [9] [10] [11] Many of these analyses, however, examined selected patient populations, such as those admitted with acute myocardial infarction (MI) or atrial fibrillation, and preceded the market approval of nonvitamin K antagonist OACs (NOACs). 12 As such, the contem-frequently as vitamin K antagonists (VKAs). [14] [15] [16] [17] Compared with VKAs, NOACs are associated with reduced thromboembolic events and severe bleeding in patients with atrial fibrillation. 18 Nevertheless, there is a lack of data assessing management practices and outcomes among patients undergoing coronary stenting on NOAC therapy. 19 With this in mind, we sought to determine contemporary practice patterns and temporal trends in use of OAC therapies among all patients undergoing coronary stenting, using data from a large integrated health care system between 2009 and 2014. In addition, we examined the association of chronic OAC therapy with short-and long-term outcomes and whether these relationships were modified by use of NOACs in addition to traditional VKAs.
Methods Study Population
Partners HealthCare is an integrated health care system that currently includes 8 Massachusetts hospitals, 21 community health centers, and a network of independent ambulatory practices with >500 affiliated primary care doctors. The PCI cohort was derived from the Partners Long-Term Outcomes Database, an ongoing, institutionally sponsored registry of patients undergoing PCI within the Partners HealthCare system. 20 All PCIs in which patients presenting to 1 of 2 Partners HealthCare academic medical centers (Brigham and Women's Hospital and Massachusetts General Hospital) between June 2009 and September 2014 were included. If >1 PCI was performed in the same patient during the same hospitalization, only the first PCI was included in the analysis. There were no other exclusion criteria. The present project was reviewed and approved with a waiver of informed consent from the institutional review board at Partners HealthCare.
Covariates
Clinical and procedural characteristics analyzed for all PCIs were abstracted from institutional registry data, based on the data collection form from the National Cardiovascular Data Registry's (NCDR) CathPCI Registry. A full description of the data elements of the CathPCI registry are available online (http:// cvquality.acc.org/~/media/QII/NCDR/Data%20Collection %20Forms/CathPCI%20Registry_DataCollectionForm.ashx). 21 
Exposure of Interest
To determine chronic anticoagulant status, we developed an algorithm that was applied to the entire electronic medical record, including admission notes, consultation notes, nursing notes, outpatient notes, catheterization reports, pharmacy notes, discharge summaries, and medication prescriptions, to identify the presence of OAC use within the 30 days preceding the PCI. The algorithm was capable of searching structured and unstructured data. The search terms included the medications warfarin, Coumadin, dabigatran, Pradaxa, rivaroxaban, Xarelto, apixaban, and Eliquis. Edoxaban was not included because the study preceded its market approval. The algorithm was designed to maximize sensitivity over specificity to provide a screen of the study population for patients taking OAC therapy prior to PCI. To remove false-positive records, all electronic medical records of identified OAC patients were manually reviewed by 2 physicians (E.A.S. and N.B.) to confirm documented OAC use within 30 days of the admission. Of patients identified as taking OAC therapy, 70.6% were confirmed to be on OAC treatment and composed the exposure group. Exclusion on manual review primarily resulted from the algorithm incorrectly identifying patients for whom phrases reflecting nonuse of OACs were found in unstructured data (eg, "patient not on warfarin" in a clinic visit note). Additional data for OAC patients were also manually collected and included: type and dose of anticoagulant at admission, type and dose of antiplatelet at admission, aspirin status and dose at admission, indication for anticoagulant, use and duration of bridging agent prior to PCI, type and dose of antiplatelet at discharge, aspirin status and dose at discharge, type and dose of anticoagulant at discharge, discontinuation of anticoagulant after PCI, and reason for discontinuation of anticoagulant after PCI.
Outcome Measures
The primary outcome measures were in-hospital major bleeding, in-hospital mortality, and long-term mortality. Inhospital major bleeding was based on the NCDR version 4 definition, 22 which included any of the following occurring before hospital discharge: arterial access-site bleeding (defined as external bleeding at the access site or a hematoma >10 cm for femoral access, >5 cm for brachial access, or >2 cm for radial access); retroperitoneal, gastrointestinal, or genitourinary bleeding; intracranial hemorrhage; cardiac tamponade; postprocedure hemoglobin decrease of 3 g/dL in patients with a preprocedure hemoglobin level ≤16 g/dL; or postprocedure non-bypass surgery-related blood transfusion for patients with a preprocedure hemoglobin level ≥8 g/dL. Long-term mortality was assessed through the National Death Index and subsequent linkage with the institutional registry, as described previously. 23 Secondary outcome measures included access-site bleeding (defined as external bleeding at the access site, hematoma at the access site, or retroperitoneal bleeding), non-access-site bleeding (defined as gastrointestinal or genitourinary bleeding, intracranial hemorrhage, or cardiac tamponade), red blood cell transfusion, postprocedure MI (new occurrence of a biomarker-positive MI after PCI), in-hospital stent thrombosis (defined as a subsequent PCI performed during the same index hospitalization as the related PCI for the indication of stent thrombosis), cerebrovascular accident or stroke (defined as loss of neurological function caused by an ischemic or hemorrhagic event with residual symptoms lasting at least 24 hours after onset or leading to death), and postprocedure length of stay in days. In addition, readmissions to hospitals only within the Partners HealthCare system were identified for all PCI patients within 30 and 90 days of discharge.
Statistical Analysis
Clinical and procedural characteristics with dichotomous and categorical variables were reported as counts and percentages, and continuous variables were reported as means with standard deviations. Between-group differences were assessed using Fisher exact or chi-square tests for binary and categorical variables and Student t tests or Wilcoxon rank sum tests for continuous variables. Temporal trends were analyzed using the Cochran-Armitage trend test. KaplanMeier methods were used to estimate the cumulative incidence of long-term mortality following PCI stratified by use of OACs at admission, and log-rank tests were used to compare the curves. Predicted risks of in-hospital bleeding and in-hospital mortality were calculated for each group using previously validated risk models developed within the NCDR CathPCI Registry. 22, 24 Logistic regression models were created to measure the association of OAC status at admission with in-hospital outcomes. Cox proportional hazards models were created to assess the influence of OAC use at admission on long-term mortality following PCI. For all outcome models, we adjusted by the propensity score predicting treatment with an OAC. The propensity score was based on the following variables: sociodemographic variables (age, sex, ethnicity, and body mass index), comorbidities (tobacco use, diabetes mellitus, hypertension, dyslipidemia, prior MI, prior coronary artery bypass grafting, prior valve surgery, prior PCI, family history of coronary artery disease, prior heart failure, chronic lung disease, cerebrovascular disease, peripheral vascular disease, renal failure, and anemia), clinical presentation (PCI urgency, acute coronary syndrome, history of angina, history of heart failure symptoms, cardiogenic shock, cardiac arrest, ejection fraction, and need for mechanical support), and procedural characteristics (lesion complexity, lesion location, stent thrombosis, preprocedure thrombolysis in MI flow, postprocedure thrombolysis in MI flow, arterial access site, and multivessel disease). This propensity score was used as a covariate for adjustment and had a C statistic of 0.772. Because 31.8% of patients were missing data on ejection fraction, these data were imputed by stratifying the population based on history of heart failure, prior MI, preprocedure cardiogenic shock, and the presence of ST-segment elevation MI, as done previously. 24 Similar analyses were performed to examine the association between NOAC versus VKA use and outcomes, limited to patients who were receiving OACs. These models were adjusted by the propensity score for receiving treatment with a VKA, based on the variables listed above, which had a C statistic of 0.783. A value of P<0.05 was considered statistically significant. All statistical analyses were performed using SAS version 9.4 software (SAS Institute). and aspirin) at discharge after PCI remained constant during the study period (83.2% in 2009, 83.8% in 2014; P=0.66 for trend) ( Figure S1 ).
Results
Among patients on OAC therapy, the main indication for treatment was atrial fibrillation or flutter (78.0%), followed by venous thromboembolism (16.4%) and left ventricular dysfunction, aneurysm, or thrombus (9.1%) ( Table 1) . Of patients on NOACs, the majority took dabigatran (60.0%), followed by rivaroxaban (30.8%) and apixaban (4.5%). At admission, dabigatran was primarily dosed at 150 mg twice a day (92.3%), rivaroxaban at 20 mg daily (66.7%), and apixaban at 5 mg twice a day (66.7%). Aspirin was concomitantly used by 70.7% of OAC-treated patients at admission, with the majority taking a dose of 81 mg daily (79.5%); P2Y12 inhibitors were used by 21.3%, of which 97.2% were taking clopidogrel therapy (Table 1, Figure 2 ). Of the 307 elective PCIs performed in patients taking OACs during the study period, bridging therapy was used in 68 (22.2%).
Following PCI, 89.1% of patients admitted on OAC therapy who survived to discharge were on an OAC agent. In addition, 96.8% were discharged on a P2Y12 inhibitor, 98.0% were discharged on aspirin, and 84.9% were discharged on triple therapy ( Figure 2 ). The majority were discharged on an aspirin dose of 81 mg daily (64.1%). Clopidogrel was the preferred P2Y12 inhibitor at discharge among patients on OAC therapy, was primarily dosed at 75 mg daily (97.3%), and was used with greater frequency compared with those not on OAC therapy (97.8% versus 87.7%; P<0.01).
Clinical Characteristics and Outcomes Associated With OAC Therapy
Compared with patients not on OAC therapy, OAC users were older, were more often of white race, and had more cardiovascular risk factors and prior cardiovascular disease (Table 1 ). In addition, OAC patients presented less often with ST-segment elevation MI, were less often treated with glycoprotein IIb/IIIa inhibitors or bivalirudin, and less frequently received drug-eluting stents and had lower risk lesions treated ( Table 2 ). Rates of radial and femoral arterial access were comparable between groups. Patients on OACs had higher predicted risk of post-PCI bleeding compared with those not on OACs (2.9% versus 2.5%; P<0.01) but similar predicted risk of in-hospital mortality (2.3% for OAC use versus 2.0% for no OAC; P=0.23).
Chronic treatment with OACs was associated with higher crude rates of in-hospital major bleeding (10.5% versus 6.5%; P<0.01), access-site bleeding (2.3% versus 1.3%; P=0.017), and non-access-site bleeding (8.2% versus 5.2%; P<0.01) following PCI (Table 3 ). In addition, prior to adjustment, patients taking OACs used more hospital resources after PCI, including requiring more transfusions (7.2% versus 4.2%; P<0.01), needing longer lengths of postprocedure stays (3.9AE5.5 versus 2.8AE4.6 days; P<0.01), and undergoing more rehospitalizations within 30 days (10.3% versus 6.9%; P<0.01) and 90 days (22.1% versus 13.1%; P<0.01) after discharge. There were no differences in the crude frequencies of post-PCI in-hospital stent thrombosis (0.36% versus 0.32%; P=0.85), MI (2.50% versus 3.02%; P=0.40), or cerebrovascular accident or stroke (0.48% versus 0.52%; P=0.88) between chronic OAC users versus nonusers (Table 3) .
In adjusted models, chronic OAC use remained associated with increased risks of in-hospital major bleeding (odds ratio 1.50, 95% CI 1.14-1.99; P<0.01), access-site bleeding (odds ratio 1.82, 95% CI 1.07-3.09; P=0.028), and non-access-site bleeding (odds ratio 1.69, 95% CI 1.27-2.26; P<0.01) after PCI (Table 4 ). In addition, the association between OAC use prior to PCI and 90-day readmission persisted after adjustment (odds ratio 1.40, 95% CI 1.16-1.69; P<0.01). Chronic OAC users and nonusers had similar risk of post-PCI inhospital mortality (2.51% versus 2.15%, respectively [P=0.50]; adjusted odds ratio 1.15, 95% CI 0.66-1.99; P=0.63). Patients on OAC therapy, however, had greater risk of long-term mortality following PCI, with an unadjusted cumulative incidence of 4-year survival of 79.9% compared with 89.8% among those not on OACs (log-rank P<0.01) (Figure 3) , and an adjusted 36% increased hazard of long-term mortality (hazard ratio 1.36, 95% CI 1.11-1.66; P<0.01).
Clinical Characteristics and Outcomes Associated With NOAC Therapy
Patients on NOAC therapy, compared with VKAs, had lower rates of cerebrovascular disease, chronic lung disease, and prior valve surgery but otherwise had comparable demographics, burden of cardiovascular risk factors, and prior cardiovascular disease (Table S1 ). In addition, between OAC treatment strategies, there were similar indications for anticoagulant therapy and use of antiplatelet agents at admission. Among patients on NOACs versus VKAs, there were no significant differences in the type of presentation for PCI, procedural characteristics, or predicted risk of bleeding (Table S2 ). At discharge, there was comparable use of triple therapy between treatment strategies; however, those on NOACs who were discharged on P2Y12 inhibitors were less often treated with clopidogrel (Table S1) .
Following PCI, there were no significant differences in crude rates of in-hospital major bleeding (10.6% versus 10.5%; P=0.98), access-site bleeding (3.03% versus 2.20%; P=0.67), and non-access-site bleeding (7.58% versus 8.30%; P=0.84) among patients on NOAC versus VKA therapy (Table S3 ). In addition, there were comparable unadjusted rates of post-PCI in-hospital stent thrombosis (0% versus 0.39%; P=0.61), MI (3.03% versus 2.46%; P=0.78), and cerebrovascular accident or stroke (0% versus 0.52%; P=0.56) between treatment strategies. Hospital resources were used similarly between patients on NOAC and VKA therapy in unadjusted analyses, with no significant differences in need for transfusion (9.1% versus 7.0%; P=0.53), post-PCI length of stay (3.1AE4.8 days versus 4.0AE5.6 days; P=0.10), or 30-and 90-day readmission rates (30 days: 6.1% versus 10.6% [P=0.24]; 90 days: 13.6% versus 22.8% [P=0.08]). In adjusted models, chronic NOAC versus VKA therapy was not associated with differing risks of in-hospital bleeding, in-hospital mortality, long-term mortality, or 90-day readmission (P>0.05 for all) (Table S4) . 
Discussion
Among contemporary patients undergoing PCI, 1 in 11 patients was on chronic OAC therapy. From 2009 through 2014, there was no significant change in the number of patients treated with OACs undergoing PCI; however, there was an increase in the use of non-VKA agents among these patients. In addition, triple therapy after coronary stenting was used with high frequency throughout the study period.
Patients on chronic OAC therapy had greater adjusted risks of in-hospital bleeding, need for readmission, and long-term death compared with those not on OAC therapy. Our analysis found that 9% of all patients undergoing coronary stenting are currently treated with chronic OAC therapy, comprising a large proportion of the PCI population. Atrial arrhythmias were the main reason for treatment, yet PCI patients also had a variety of other indications for chronic anticoagulation. Consistent with previous analyses in ambulatory patients, 14, 15 we noted a brisk increase in use of NOACs during the study period, starting at the time of market approval of the first NOAC in 2010; however, we did not observe any major change in the overall number of patients being treated with OACs. This finding contrasts with results from a recent analysis of ambulatory patients with atrial fibrillation on OAC therapy that demonstrated a near doubling in patient visits since 2009. 14 Our results likely differ due to the expanded use of NOACs in patients at lower risk of stroke, 17 many of whom have fewer comorbidities and thus lower likelihood of undergoing PCI. PCI patients were discharged on triple therapy (OAC plus a P2Y12 inhibitor and aspirin) at a rate of 85%, which remained constant during the study period. This preference for triple therapy persisted among treating clinicians despite presentation of the WOEST (What is the Optimal antiplatElet and anticoagulant therapy in patients with oral anticoagulation and coronary StenTing) trial results in August 2012. The WOEST trial randomized stented patients with an indication for OAC to treatment with a VKA plus clopidogrel with or without aspirin and found no difference in outcomes at 1 year between treatment strategies. 25 This study was further supported by similar findings in large registry analyses 26, 27 and resulted in the inclusion of restricted OAC plus P2Y12 inhibitor use following PCI in the most recent consensus document for the management of atrial fibrillation patients following coronary stenting. 19 Nevertheless, it appears from our analysis that these data have yet to influence actual clinician practice patterns within the studied health care system, at least at the time of discharge. We did not assess whether changes in antithrombotic regimens may have occurred later in follow-up. Despite continued efforts among coronary interventionalists to improve treatment practices to reduce post-PCI bleeding, 28,29 1 in 10 patients on chronic OAC therapy had an in-hospital major bleeding event following coronary stenting. Conversely, chronic OAC use prior to PCI did not reduce rates of postprocedure ischemic events, similar to a prior study among patients with acute MI. 7 Bleeding events primarily consisted of non-access-site bleeds, suggesting that current PCI vascular bleeding avoidance strategies, such as increased use of radial access 29, 30 and arterial closure devices, 28, 31 may not alone mitigate the bleeding risk associated with OAC use. It is noteworthy that OAC patients had greater predicted risk of bleeding regardless of OAC treatment, suggesting that the bleeding hazard in these patients is not solely related to use of these agents but also due to a greater proportion of clinical characteristics associated with post-PCI bleeding.
Patients taking OACs at the time of PCI had decreased survival compared with those not on anticoagulants, with a 36% greater adjusted risk of long-term mortality. Although causality cannot be established from our analysis, this association may be related to the long-term consequences of increased bleeding events 32, 33 or mediated by inherent patient factors, such as a higher prevalence of frailty among those on OAC therapy. 34 In addition, use of triple therapy at discharge may be associated with risk of decreased long-term survival. 25 At minimum, chronic treatment with an OAC represents a strong marker of risk for future morbidity and mortality following PCI. Use of hospital resources was also greater among OACtreated patients following PCI, including longer durations of stay and more need for transfusions. In addition, the frequency of readmission was marked, with 22% of chronically anticoagulated patients requiring rehospitalization within our health care system within 90 days of PCI. Of importance, at discharge, the majority of these patients were on triple therapy, which increases the risk of out-of-hospital adverse events necessitating medical attention, particularly risk of bleeding. 26 Consequently, it is important to recognize that OAC patients have a substantial influence on hospital-related costs after coronary stenting. Demographics and cardiovascular risk factors were comparable between those receiving NOACs and VKAs and differ from those of ambulatory patients on NOACs, who are often younger and have fewer comorbidities. 17 In addition, patients undergoing PCI on NOACs versus VKAs did not vary in procedural characteristics, including sites of access, types of parenteral anticoagulants administered, and use of triple therapy at discharge. Although the point estimates comparing short-and long-term outcomes following PCI between treatment strategies were not statistically different, the study was underpowered to draw definitive conclusions.
The results of this analysis must be considered in the context of the study design. The analysis used a computerized method of searching electronic health records to identify patients on OAC therapy. Although all patients identified as being on OAC therapy were manually reviewed to confirm treatment, this analysis could have missed patients whose treatment was poorly documented or who had treatment terms not included in the search algorithm. In addition, data were not available for time in the therapeutic range among patients treated with VKAs, including prior to the procedure, and for events occurring after discharge, such as discontinuation of OAC therapy or the occurrence of out-of-hospital bleeding events. This study primarily analyzed in-hospital events that were not adjudicated. As such, rates of events could have been under-or overestimated; however, we expected misclassification of events to be similar between OAC and non-OAC patients, thus biasing the comparison of the treatment strategies to the null. This study was conducted using PCI data from 2 academic tertiary care medical centers from a single integrated health care system and may not be generalizable to other settings. Readmission data were available only for patients returning to a hospital within the Partners HealthCare system. Patients were primarily treated with clopidogrel and received PCI via femoral arterial access, whereas more potent antiplatelets and greater use of transradial arterial access may have differential effects on outcomes. Last, we do not know whether the associations observed between OAC treatment and adverse events following PCI are causal in nature, and unmeasured factors could confound the relationships observed.
Conclusions
Chronic OAC therapy is frequently used among contemporary patients undergoing PCI. Patients on OAC therapy had greater adjusted risks of in-hospital bleeding, need for readmission, and long-term mortality following PCI. As such, use of OACs at the time of PCI is an important prognostic marker. Efforts are needed to specifically reduce the occurrence of adverse events following PCI in this population.
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